Discrete free-surface millifluidics for rapid capture and analysis of airborne molecules using surface-enhanced Raman spectroscopy.
A lithography-free, low-cost, free-surface millifluidic device is reported using discrete liquid interfaces for capturing and detecting gas-phase analyte molecules at low partial pressures out of a gas flow of time-varying composition. The architecture, based on segmented flow, consists of alternating regions of liquid and gas wherein the liquid regions contain surface-enhanced Raman spectroscopy (SERS)-active silver nanoparticles, while the gas regions contain trace quantities of vapor-phase analyte, thereby controlling and optimizing transport and mixing of the gas-phase analyte with the liquid phase. Once absorbed in the liquid phase, the entrained analyte molecules induce aggregation of the aqueous silver nanoparticles. The resulting aggregates consisting of nanoparticles and adsorbed analyte molecules produce intense SERS spectra that reliably identify the absorbed analyte in real time. The approach can be used to determine the time-variable trace chemical composition of a gas stream with applications in, for example, environmental monitoring and online industrial process monitoring, or as a SERS-based detector following gas chromatographic separation. The operation of the system is demonstrated using 4-aminobenzenethiol vapor at 750 ppb, and the detection response time is <2 min.